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学 位 論 文 内 容 の 要 旨 
Small satellites in low-Earth orbit (LEO) often experience power constraints due 
to small solar panel areas and eclipse transitions. Just as larger satellites, these 
small satellites, including nanosatellites class such as CubeSats, always opt for 
deployable solar panels to increase power generation. With the use of deployable 
solar panels, the surface of a satellite facing the Sun will increase and consequently 
the force generated by the pressure of solar radiation can also disturb the spacecraft 
orbits. For the time being, the study on deployable solar panels of CubeSats, have 
largely focused on the panel configuration, deployment mechanism, deployment 
mechanics and dynamics, and power harnessing capacity. Meanwhile, when dealing 
with solar radiation pressure, the interest is largely on its use as a thrust force to 
control satellite trajectories. We address an apparent research gap on the thermal 
effects of solar radiation, as well as the increased of solar radiation pressure, to 
CubeSat with deployable solar panels. 
Chapter 1 of this dissertation begins with the motivation of the research based on 
the research gap in the field of deployable solar panels research for nanosatellites. 
The questions to be answered by this dissertation are also raised up. Then, we review 
the literature that contains the recent research on deployable solar panels of 
nanosatellites. Next, we explain the objectives, scope, and approach taken in this 
dissertation. Finally, we explain the contribution of this research and outline the 
remaining chapters of the dissertation. 
Chapter 2 of this research presents a methodology to predict the types of thermally 
induced dynamics (TID) that can occur on deployable solar panels of a CubeSat in 
LEO is presented. A computational method that fully uses finite element software is 
developed to examine the TID effect on the CubeSat body. A 3U CubeSat with four 
short-edge deployable solar panels is considered. Time historic temperature of the 
solar panels throughout the orbit is obtained using a thermal analysis software. The 
results are used in a numerical analysis software to find the structural response of 
the solar panel. Next, the effect of solar panel sudden motion on the satellite pointing 
direction is examined using inertia relief method. The thermal snap motion could 
occur during eclipse transitions due to rapid temperature changes in solar panels’ 
cross-sections. In the case of asymmetric solar panel configuration, noticeable 
displacement in the pointing direction can be observed during the eclipse transitions. 
This work only examines an LEO mission where the solar cells of the solar panels 
point to the Sun throughout the daylight period and point to the Earth while in 
shadow. Simplification is made to the CubeSat structure and some parameters in 
the space environment. The TID analysis done reveals the effect of the TID 
phenomenon on deployable solar panels and the pointing direction of the CubeSat. 
Therefore, in the case of partial solar panel deployment failure or with asymmetric 
deployable solar panel design configuration, the attitude control system designer 
could expect the order of magnitude motions required to mitigate the disturbance. 
In addition, the methodology developed in this research can be applied to simplify 
the study of TID on satellite appendages.   
In Chapter 3, we investigate solar radiation torque characteristics resulting from 
the increased area of solar panels on board the CubeSats. Three common deployable 
solar panel configurations that are commercially available are introduced and their 
reference missions are established for the purpose of comparison. The software 
algorithms used to simulate a variety of orbit scenarios are described in detail and 
some concerns are highlighted based on the results obtained. The solar power 
generation of the respective configurations is also provided. The solar radiation 
torque and solar power generation data presented are intended to be used by 
nanosatellite developers in predicting the characteristics of solar radiation torques 
that will be encountered and solar power generation when using various deployable 
solar panels, thus helping them with the selection of a suitable panel configuration 
and attitude control system for their design. Furthermore, the methodology and 
algorithm used should give insight on how to develop the source code for calculating 
the in-orbit solar radiation and solar power. 
Chapter 4 is the final chapter. In this chapter, the research work is summarized 
and conclusions are drawn in light of the questions raised in the motivation section 
of Chapter 1. Then, potential future directions of research are outlined. For TID 
analysis, to increase the accuracy of the results, we recommend inclusion of in orbit 
degradation processes on the materials and contact conditions between layers. Then, 
with wider and longer panels, the control structure interactions might have 
significant contributions of the spatial motion into time constrained motion. It would 
be interesting to know how the small form factor of CubeSats behave when such 
equations are developed and studied. Meanwhile, for the solar radiation torque study, 
a further advancement would be a discussion about the impact of the radiation 
torques on the dynamics of the satellite, i.e. for which operative modes (e.g. fine 
pointing) and/or kinds of maneuver (quick/slow slew maneuvers) this torque can 
affect the operativity of the entire attitude control system.  
 
学 位 論 文 審 査 の 結 果 の 要 旨 
本論文では，小型衛星が受ける太陽放射の熱，トルク特性の影響を明らかにしており，
学術的な価値を有している．さらに，こうした影響を考慮する際の解析法を提案してお
り，本論文は博士（工学）の学位論文に値するものと認められる．また、本論文に関す
る論文調査会および公聴会における出席者から多くの質問がなされたが，いずれも適切
に回答し，質問者の理解が得られた． 
以上により，論文調査及び最終試験の結果に基づき，審査委員会において慎重に審査
した 
結果，本論文が，博士（工学）の学位に十分値するものであると判断した． 
